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METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of manufactur-
ing a semiconductor device, and particularly to a method of
manufacturing a semiconductor device having a MOS tran-
sistor with reduced parasitic capacitance.

2. Description of the Related Art

A method of reducing the diffusion layer capacitance
between a source/drain high-concentration impurity diffu-
sion region of a MOS transistor and a substrate has been
hitherto used to increase the operation speed of a CMOS
transistor 1n a semiconductor device. In order to reduce the
diffusion layer capacitance as described above, it 1s an
ciiective means to reduce the substrate impurity concentra-
fion of a channel region, however, the substrate 1mpurity
concentration tends to increase more and more as the
microstructure of the transistor 1s more enhanced. In such a
condition, a method of restricting doping of impurities into
a channel region during the process of forming a channel
region of a transistor by a photolithography technique and
doping channel 10ns 1nto only an arca where a gate electrode
1s formed has been hitherto proposed as a method of
reducing the diffusion layer capacitance. Further, with
respect to recent MOS transistors, 1n order to enhance the
microstructure has been proposed a device structure (so-
called pocket structure) in which impurities having the
opposite conduction type to that of an LDD-structure or
low-concentration impurity layer of a source/drain diffusion
layer are doped just below the low-concentration 1impurity
layer to prevent extension of a depletion layer around the
source/drain diffusion layer, thereby suppressing a short
channel effect. In this structure, existence of the impurities
for the pocket also increases the capacitance of the drain
diffusion layer, and thus there 1s used means of doping
impurities having the opposite conduction type to that of the
drain (source) diffusion layer only in the neighborhood of
boundary of the gate-drain (source) diffusion layers.

This conventional technique will be described hereunder
with reference to the accompanying drawings. FIGS. 1A to
1D are schematic diagrams showing the process of a con-
ventional method of manufacturing a semiconductor device.

First, as shown in FIG. 1A, a desired well (not shown) and
an element 1solation region 18 are formed on a semicon-
ductor substrate 1.

Subsequently, as shown 1n FIG. 1B, a mask 22 1s formed
by using the photolithography technique, and by using the
mask, 10n implantation i1s performed on the area correspond-
ing to a gate electrode formation prearranged portion of the
semiconductor substrate 1 (an area of the semiconductor
substrate 1 where a gate electrode will be formed), thereby
forming a channel region 3.

Subsequently, as shown 1n FIG. 1C, a gate insulating film
2 1s formed, and a gate electrode material 1s deposited on the
cgate msulating film 2. A gate electrode 4' 1s formed at the
position corresponding to the channel region 3 by the
photolithography technique. The photolithography process
of forming the gate electrode 4' needs a margin for posi-
tionally matching with the photolithography of the channel
region 3 (first mask positioning margin).

Subsequently, as shown 1n FIG. 1D, a mask 23 1s formed
by using the photolithography technique, and 1on implanta-
fion 1s performed by using the mask 23 and the gate
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2

clectrode 4' as a mask to form on the semiconductor sub-
strate 1 an LDD-structured low-concentration impurity dif-
fusion layer 12 and an impurity (pocket impurities) layer 13
having the opposite conduction type for suppressing a
depletion layer from extending into the inside of the sub-
strate. As 1n the case of the formation of the gate electrode
4', the photolithography process of forming the mask 23
needs a margin for positionally matching with the photoli-
thography used to form the channel region 3 (second mask
positioning margin).

Subsequently, as shown 1n FIG. 2A, a side wall 14 which
1s formed of an 1nsulating film 1s formed on the side surface
of the gate electrode 4', and high-concentration 1mpurities
are doped into the semiconductor substrate 1 by the ion
implantation technique using the gate electrode 4' and the
side wall 14 as a mask to form source and drain 15 which
correspond to a high-concentration impurity diffusion layer.

Subsequently, as shown 1n FIG. 2B, an insulating {ilm 20
1s formed on the structure formed as described above, and a
contact hole 16 1s formed 1n the insulating film 20' to form
a wire 17 on the msulating film 20'.

As described above, 1n the conventional method of the
semiconductor device having the MOS transistor, the first
and second mask positioning margins are unavoidable on the
actual manufacturing process among the process of forming
the channel region 3, the process of forming the gate
clectrode 4' and the process of doping the pocket impurities
to form the LDD low-concentration impurity ditffusion layer.

In this condition, the overlap area between the source/
drain diffusion layer and the channel region 1s increased due
to the positioning margins, and the diffusion layer capaci-
tance between the source/drain diffusion layer and the
channel region 3 or the semiconductor substrate 1 1s
increased. As a result, the operation speed of an electric
circuit of the semiconductor device i1s reduced. The posi-
fioning margins as described above are required even when
the element 1s designed more minutely, and thus it 1s a great
obstacle to increase of the operation speed due to miniatur-
1zation of the device.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to reduce
the source/drain diffusion layer capacitance 1n a semicon-
ductor device having an LDD pocket structure.

Further, the present invention has another object to pro-
vide a semiconductor device manufacturing method which
can enhance the microstructure of the element structure of a
semiconductor device having an LDD pocket structure, and
also reduce the source/drain diffusion layer capacitance
thereof.

In order to attain the above object, according to the
present invention, there 1s provided a semiconductor device
manufacturing method characterized by comprising;:

a step of forming a gate msulating film on a semiconduc-
tor substrate and forming a first gate electrode forming
material {ilm on the gate insulating film;

a step of forming a first film on the first gate electrode

forming material film, and selectively removing a por-

tion of the first film at which a gate electrode will be
formed, thereby forming an open portion in the first
film;

a step of forming a second film on the first gate electrode
forming material film in the neighborhood of the inner
side surface of the open portion of the first film to
expose the area of the first gate electrode forming
material film at the inside of the second film;
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a step of doping impurities for a channel region 1nto the
semiconductor substrate by using the first film and the
second film as a mask to form the channel region;

a step of forming a second gate electrode forming material
film on the first gate electrode forming material film
exposed at the inside of the second film;

a step of removing the second film by using the first film
and the second gate electrode forming material film as

a mask to form a groove between the first film and the
second gate electrode forming material film and expose
the area of the first gate electrode forming material film
corresponding to the groove;

a step of doping 1mpurities 1nto the semiconductor sub-
strate through the groove to form a low-concentration
impurity diffusion layer;

a step of doping impurities having the opposite conduc-
tion type to the low-concentration impurity diffusion
layer into the lower side of the low-concentration
impurity diffusion layer 1n the semiconductor substrate;

a step of removing the first film remaining after the groove
1s formed, and removing a portion of the first gate
clectrode forming material film at an area other than
below the second gate electrode forming material film;

a step of forming a side wall composed of an 1nsulating
f1lm so as to cover the side surfaces of the second gate
clectrode forming material film and the first gate elec-
trode forming material film remaining below the sec-
ond gate electrode forming material film; and

a step of doping high-concentration impurities into the
semiconductor substrate by using the remaining first
and second gate electrode forming material films and
the side wall as a mask to form source and drain.

In the above-described semiconductor device manufac-
turing method, the step of forming the second film on the
first gate electrode forming material film 1n the neighbor-
hood of the 1nner side surface of the open portion of the first
film to expose the area of the first gate electrode forming
material film at the inside of the second film 1s performed by
forming a layer of material of the second film on the exposed
surface, etching back the layer of the material of the second
f1lm to leave the second film 1n the neighborhood of the 1inner
side surface of the open portion of the first film and expose
the area of the first gate electrode forming material film at
the 1nside of the remaining second film.

In the above-described semiconductor device manufac-
turing method, the step of forming the side wall of the
insulating film so as to cover the side surface of the second
cgate electrode forming material film and the {first gate
clectrode forming material {ilm remaining below the second
gate electrode forming material film 1s performed by form-
ing a layer of material of the insulating film on the exposed
surface and etching back the layer of the material of the
insulating film to leave the insulating film only in the arca
corresponding to the groove.

In the above-described semiconductor device manufac-
turing method, the layer of the material of the insulating film
on the exposed surface 1s formed prior to the removal step
of the first film remaining after the groove 1s formed and also
prior to the removal step of the first gate electrode forming,
material film portion other than the area below the second
gate electrode forming material film.

In the above-described semiconductor device manufac-
turing method, the layer of the material of the insulating film
on the exposed surface 1s formed subsequently to the
removal step of the first film remaining after the groove 1is
formed and also subsequently to the removal step of the first
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cgate electrode forming material film portion other than the
arca below the second gate electrode forming material film.

In the above-described semiconductor device manufac-
turing method, the step of doping the impurities into the
semiconductor substrate through the groove to form the
low-concentration 1impurity diffusion layer and the step of
doping the impurities having the opposite conduction type to
the low-concentration impurity diffusion layer into the lower
side of the low-concentration impurity diffusion layer in the
semiconductor substrate are performed while the first gate
clectrode forming material film exists 1n the areca corre-
sponding to the groove.

In the above-described semiconductor device manufac-
turing method, the step of doping the impurities into the
semiconductor substrate through the groove to form the
low-concentration 1impurity diffusion layer and the step of
doping the impurities having the opposite conduction type to
the low-concentration impurity diffusion layer into the lower
side of the low-concentration impurity diffusion layer in the
semiconductor substrate are performed after the first gate
clectrode forming material film 1s removed from the arca
corresponding to the groove.

As described above, the mask positioning margin as used
in the prior art 1s not required, and the diffusion layer of the
source and drain 1s brought into indispensable minimum
contact with the diffusion layer of the impurities having the
opposite conduction type to that of the LDD low-
concentration impurities which are doped into the channel
region and the bottom surface of the LDD low-concentration
impurity diffusion layer. Therefore, even when the element
structure 1s made minute, the junction capacitance can be
reduced, and the parasitic capacitance of the MOS transistor
can be reduced. As a result, the operation speed can be
sufliciently increased even for a semiconductor device hav-
ing a minute element structure of the high integration design.
Further, a gate electrode having a double-layer structure
having desired characteristics can be easily obtained.

BRIEF DESCRIPITION OF THE DRAWINGS

FIGS. 1A to 1D are schematic cross-sectional views
showing a conventional semiconductor device manufactur-
ing device;

FIGS. 2A to 2B are schematic cross-sectional views
showing the conventional semiconductor device manufac-
turing device;

FIGS. 3A to 3D are schematic cross-sectional views

showing an embodiment of a semiconductor device manu-
facturing method according to the present invention;

FIGS. 4A to 4D are schematic cross-sectional views
showing the embodiment of the semiconductor device
manufacturing method according to the present invention;

FIGS. 5A to 5C are schematic cross-sectional views
showing the embodiment of the semiconductor device
manufacturing method according to the present 1nvention;
and

FIGS. 6A to 6D are schematic cross-sectional views
showing another embodiment of the semiconductor device
manufacturing method according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments according to the present invention
will be described with reference to the accompanying draw-
Ings.

FIGS. 3A to 3D, 4A to 4D and 5A to 5C are schematic
cross-sectional views showing an embodiment of a semi-
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conductor device manufacturing method according to the
present invention.

First, as shown in FIG. 3A, a desired well (not shown) and
an element 1solation region 18 are formed 1n a semiconduc-
tor (for example, silicon) substrate 1.

Subsequently, as shown 1n FIG. 3B, a gate mnsulating film
(for example, a silicon oxide film) 2 is formed on the surface
of the semiconductor substrate 1 (and the element isolation
region 18), and a film 4 of a first gate electrode forming
material (for example, polysilicon doped with phosphorus)
1s grown and formed at a thickness of about 500 to 1500
angstroms on the gate insulating film 2. Thereafter, a first
film (for example, a silicon nitride film) 10 is formed at a
thickness of about 2000 angstroms on the film 4.

Subsequently, as shown 1n FIG. 3C, the area of the first
film 10 corresponding to a gate electrode formation-
prearranged area 1n which a gate electrode will be formed
(that is, the gate electrode formation-prearranged portion
and the surrounding portion) is selectively removed to form
an open portion therein by the photolithography technique.
Subsequently, a second film (for example, a silicon oxide
film) 11 is grown and formed at a thickness of about 1500
angstroms on the structure thus formed, and the second film
11 1s etched back. Accordingly, as shown in FIG. 3C, the
second film 11 is left in the neighborhood of the 1nner side
surface of the open portion of the first film 10 to form a side
wall and expose to the outside the arca of the first gate
clectrode forming material film 4 at the inside of the second
film 11. Here, the width W of the open portion 1s preferably
set to about twice of the gate length and the thickness of the

second film 11.

Subsequently, as shown 1n FIG. 3D, the 1on implantation
1s performed by using the first film 10 and the second film
11 as a mask to introduce a second conduction type of
impurities for a channel region into the semiconductor
substrate 1, and then the substrate 1s annealed to form the
channel region 3. The 1mpurities are doped to determine a
threshold voltage of the MOS transistor and suppress the
short channel effect, and suitably selected in accordance
with the transistor structure.

Subsequently, as shown 1n FIG. 4A, a film 9 of a second
gate electrode forming material (for example, tungsten sili-
cide: WS1) is grown and formed at a thickness of about 5000
angstroms on the structure thus formed. The preferable
thickness of the second gate electrode forming material film
9 1s strongly dependent on the width of the channel region
determined by the open portion and the second film 11, and
it 1s preferable that the film thickness 1s roughly set to about
1.5 time or more of the width of the channel region 3. As a
result, the open portion 1s filled with the second gate
clectrode material.

Subsequently, as shown i FIG. 4B, the second gate
electrode forming material 9 1s polished (for example,
chemical polishing or chemical and mechanical polishing:
CMP technique) until the first film 10 is exposed, whereby
the second gate electrode forming material film 9 1s partially
removed so as to remain only 1n the 1nside of the second film
11 1n the neighborhood of the inside of the open portion.

Subsequently, as shown 1n FIG. 4C, the second film 11 1s
ctched by diluted HF by using the first film 10 and the
second gate electrode forming material film 9 as a mask to
remove the second film 11, whereby a groove 1s formed
between the first film 10 and the second gate electrode
forming material film 9, and the area of the first gate
clectrode forming material film 4 corresponding to the
ogroove 1s exposed. The second conduction type impurities
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are doped through the groove 1nto the semiconductor sub-
strate 1 to form an LDD low-concentration impurity diffu-
sion layer 12. Subsequently, impurities of first conduction
type which 1s opposite to that of the low-concentration
impurity diffusion layer 12 are doped into the semiconductor
substrate 1 below the low-concentration impurity diffusion
layer 12 to form an opposite conduction type impurity layer
13 so that it 1s brought into contact with the low-
concentration impurity diffusion layer 12.

Subsequently, as shown 1n FIG. 4D, the area of the first
cgate electrode forming material film 4 corresponding to the
oroove 1s removed by the etching treatment. At this time, the
seccond gate electrode forming material film 9 may be
partially etched and removed.

Subsequently, as shown 1 FIG. 5A, a first insulating {ilm
(for example, silicon oxide film) 14 is formed at a thickness
of about 2000 angstroms.

Subsequently, the first insulating film 14 1s etched back,
and as shown 1n FIG. 5B, the first insulating film 14 1s left
around the first and second gate electrode forming material
films 4 and 9 1n correspondence with the low-concentration
impurity diffusion layer 12 to form a side wall. The remain-
ing first film 10 1s removed by the etching technique, and the
first gate electrode forming material film 4 thus exposed 1is
removed by the etching technique. The high-concentration
first conduction type impurities are doped 1nto the semicon-
ductor substrate by the 10on implantation technique using the
remaining first and second gate electrode forming material
films 4 and 9 and the remaining first insulating film (side
wall) 14 as a mask, thereby forming source and drain 15 as
a high-concentration impurity diffusion layer. Thereafter, it
is subjected to a suitable anneal treatment (for example, at

1000° C. and for 10 seconds by RTA).

Subsequently, as shown 1n FIG. 5C, a second 1nsulating,
f1lm 20 1s formed on the structure thus formed by a general
method, a contact hole 16 1s formed 1n the second msulating
film 20, and a wire 17 1s formed on the second insulating
film 20. The wire 17 1s connected to the source and drain 15
through the contact hole 16. Through the above process, an
LSI semiconductor device 1s obtained.

As described above, 1n this embodiment, all of the low-
concentration impurity diffusion layer 12, the opposite con-
duction type impurity layer 13 and the side wall 14 are
positionally accurately formed 1n the area where the groove
1s formed, and the source and drain 15 are positionally
accurately formed at the outside of the side wall 14.
Therefore, the source and drain 15, and the low-
concentration 1mpurity diffusion layer 12 and the opposite
conduction type impurity layer 13, and the channel region 3
are disposed at desired positions so that the neighbors are
brought 1nto indispensable minimum contact with each
other. Accordingly, even when the element structure 1s made
minute 1n the semiconductor device having the LDD pocket
structure, the capacitance of the source/drain diffusion layer
of the MOS ftransistor can be sufficiently reduced, and thus
the operation speed of the semiconductor device can be
increased.

Further, 1in this embodiment, the first gate electrode form-
ing material film 4 and the second gate electrode forming
material film 9 are used to form the gate electrode, and thus
the second gate electrode forming material film 9 protect the
first gate electrode forming material film 4 1 the gate
forming area during the step of partially removing the first
gate electrode forming material film 4, and the gate electrode
of two-layered structure having desired characteristics can
be easily obtained.
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In the above process, the step of forming the low-
concentration impurity diffusion layer 12 and the impurity
layer 13 having the opposite conduction type to that of the
low-concentration impurity diffusion layer 12 as shown 1n
FIG. 4C and the step of etching the first gate electrode
forming material film 4 as shown i FIG. 4D may be
performed 1n the reverse order.

Further, 1n the foregoing description, polysilicon 1s used
as the first gate electrode material and WSi 1s used as the
second gate electrode material. However, 1n place of these
materials, Mo, W, Ta, S1 or other silicide materials may be
used as these electrode materials. The first electrode forming,
material and the second electrode forming material may be
the same material (for example, polysilicon).

Still further, 1n the foregoing description, the first film and
the second film are formed of insulating films. However,
these films may be formed of W, TiN or other metal films.

FIGS. 6A to 6D are schematic cross-sectional views
showing another embodiment of the semiconductor device
manufacturing method of the present invention.

In this embodiment, the same steps as described with
reference to FIGS. 3A to 3D and 4A to 4D are performed,
whereby the structure shown 1n FIG. 6A 1s obtained.

Subsequently, as shown 1n FIG. 6B, the remaining first
film 10 1s removed by the etching technique, and then the
first gate electrode forming material film 4 thus exposed 1s
removed by the etching technique.

In place of the above step, 1t may be adopted that after the
same steps as described with reference to FIGS. 3A to 3D
and 4A to 4C, the remaining first film 10 1s removed by the
ctching technique and then the exposed first gate electrode
forming material 4 1s removed by the etching technique.

Subsequently, a first insulating film (for example, silicon
oxide film) i1s formed at a thickness of about 1000
angstroms, and then etched back so that the first insulating
f1lm 1s left around the first and second gate electrode forming
material films 4, 9 1n correspondence with the low-
concentration impurity diffusion layer 12, thereby forming a
side wall 14. Thereafter, high-concentration first conduction
type 1mpurities are doped 1nto the semiconductor substrate 1
by the 1on implantation technique using the remaining first
and second gate electrode forming material films 4, 9 and the
remaining first insulating film (side wall) 14 as a mask,
thereby forming source and drain 15 which are a high-
concentration 1impurity diffusion layer. Thereafter, the result
is subjected to an appropriate anneal treatment (for example,
an anneal treatment at 1000° C. and for 10 seconds by RTA).

Subsequently, a second msulating film 20 1s formed on the
structure thus formed by a general method as shown 1n FIG.
6D, a contact hole 16 1s formed 1n the second insulating film
20 and a wire 17 1s formed on the second 1nsulating film 20.
The wire 17 1s connected to the source and drain 15 through
the contact hole 16, thereby obtaining the LSI semiconduc-
tor device.

In this embodiment, the low-concentration impurity dif-
fusion layer 12 and the opposite conduction type impurity
layer 13 are formed 1n accurate correspondence with the area
where the groove 1s formed, the side wall 14 1s formed in
accurate correspondence with the area where the groove 1s
formed, and the source and drain 15 are formed 1n accurate
correspondence with the outside area of the side wall 14.
Therefore, the source and drain 15, and the low-
concentration 1mpurity diffusion layer 12 and the opposite
conduction type impurity layer 13, and the channel region 3
are disposed at desired positions so that the neighbors
thereof are brought into indispensable minimum contact
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with each other. Accordingly, even when the element struc-
ture 1s made minute 1n the semiconductor device having the
LDD pocket structure, the capacitance of the source/drain
diffusion layer of the MOS transistor can be reduced, and the
operation speed of the semiconductor device can be
increased.

Further, in this embodiment, the first gate electrode form-
ing material film 4 and the second gate electrode forming
material film 9 are used to form the gate electrode.
Therefore, the second gate electrode forming material film 9
protects the first gate electrode forming material film 4 in the
cgate forming arca during the step of partially removing the
first gate electrode forming material film 4, and the gate
clectrode of double-layer structure which has desired char-
acteristics can be easily obtained.

As described above, according to the present invention,
the low-concentration impurity diffusion layer and the oppo-
site conduction type 1mpurity layer are formed 1n accurate
correspondence with the area where the groove 1s formed,
the side wall 1s formed 1n accurate correspondence with the
arca where the groove 1s formed, and the source and drain
are formed 1n accurate correspondence with the outside area
of the side wall. Therefore, the source and drain, and the
low-concentration 1impurity diffusion layer and the opposite
conduction type impurity layer and the channel region are
disposed at desired positions so that the neighbors thereof
are brought into indispensable mimimum contact with each
other. Accordingly, even when the element structure 1s made
minute 1n the semiconductor device having the LDD pocket
structure, the capacitance of the source/drain diffusion layer
of the MOS transistor can be reduced, and the operation
speed of the semiconductor device can be increased.

Accordingly, 1t 1s unnecessary to pay attention to all of the
positioning margin for the formation of the channel region
and the gate electrode and the positioning margin for the

formation of the opposite conduction type impurity layer
and the gate electrode, so that both the reduction of the
source/drain diffusion layer capacitance of the MOS tran-
sistor and the compact design can be achieved in the
semiconductor device having the LDD pocket structure
without reducing the manufacturing yield.

Further, according to the present invention, the first gate
clectrode forming material film and the second gate elec-
trode forming material film are used to form the gate
clectrode. Therefore, the second gate electrode forming
material film protects the first gate electrode forming mate-
rial film 1n the gate forming area during the step of partially
removing the first gate electrode forming material film, and
the gate electrode of double-layer structure which has
desired characteristics can be easily obtained.

What 1s claimed 1s:

1. A semiconductor device manufacturing method com-
prising:

a step of forming a gate msulating film on a semiconduc-

tor substrate and forming a first gate electrode forming
material film on the gate insulating film;

a step of forming a first film on the first gate electrode

forming material film, and selectively removing a por-

tion of the first film at which a gate electrode will be
formed, thereby forming an open portion in the first
film;

a step of forming a second film on the first gate electrode
forming material film in the neighborhood of the inner
side surface of the open portion of the first film to
expose the area of the first gate electrode forming
material film at the inside of the second film;
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a step of doping impurities for a channel region 1nto the
semiconductor substrate by using the first film and the
second film as a mask to form the channel region;

a step of forming a second gate electrode forming material
film on the first gate electrode forming material film
exposed at the mside of the second film;

a step of removing the second film by using the first film
and the second gate electrode forming material film as
a mask to form a groove between the first film and the
second gate electrode forming material film and expose
the area of the first gate electrode forming material film
corresponding to the groove;

a step of doping 1mpurities mto the semiconductor sub-
strate through the groove to form a low-concentration
impurity diffusion layer;

a step of doping 1mpurities having the opposite conduc-
tion type to the low-concentration impurity diffusion
layer into the lower side of the low-concentration
impurity diffusion layer 1n the semiconductor substrate;

a step of removing the first film remaining after the groove
1s formed, and removing a portion of the first gate
clectrode forming material film at an area other than
below the second gate electrode forming material film;

a step of forming a side wall composed of an insulating
film so as to cover a side surface of the second gate
clectrode forming material film and the first gate elec-
trode forming material film remaining below the sec-
ond gate electrode forming material film; and

a step of doping high-concentration impurities into the
semiconductor substrate by using the remaining {first
and second gate electrode forming material films and
the side wall as a mask to form source and drain.

2. The semiconductor device manufacturing method as
claimed 1n claim 1, wherein said step of forming the second
film on the first gate electrode forming material film in the
neighborhood of the mner side surface of the open portion
of the first film and exposing the area of the first gate
clectrode forming material film at the inside of the second
film 1s performed by forming a layer of material of the
second film on the exposed surface, etching back the layer
of the material of the second film to leave the second film 1n
the neighborhood of the inner side surface of the open
portion of the first film and expose the area of the first gate
clectrode forming material film at the inside of the remain-
ing second film.
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3. The semiconductor device manufacturing method as
claimed in claim 1, wherein said step of forming the side
wall of the msulating film so as to cover the side surface of
the second gate electrode forming material film and the first
cgate electrode forming material film remaining below the
second gate electrode forming material film 1s performed by
forming a layer of material of the insulating film on the
exposed surface and etching back the layer of the material of
the 1nsulating film to leave the insulating film only 1n the
arca corresponding to the groove.

4. The semiconductor device manufacturing method as
claimed in claim 3, wherein the layer of the material of the
insulating film on the exposed surface 1s formed prior to said
removal step of the first film remaining after the groove 1s
formed, and also prior to said removal step of the first gate
clectrode forming material film portion other than the arca
below the second gate electrode forming material film.

5. The semiconductor device manufacturing method as
claimed in claim 3, wherein the layer of the material of the
insulating film on the exposed surface i1s formed subse-
quently to said removal step of the first film remaining after
the groove 1s formed, and also subsequently to said removal
step of the first gate electrode forming material film portion
other than the area below the second gate electrode forming
material film.

6. The semiconductor device manufacturing method as
claimed in claim 1, wherein said step of doping the 1mpu-
rities 1nto the semiconductor substrate through the groove to
form the low-concentration impurity diffusion layer and said
step of doping the impurities having the opposite conduction
type to the low-concentration impurity diffusion layer into
the lower side of the low-concentration impurity diffusion
layer 1n the semiconductor substrate are performed while the
first gate electrode forming material film exists in the arca
corresponding to the groove.

7. The semiconductor device manufacturing method as
claimed 1n claim 1, wherein said step of doping the impu-
rities 1to the semiconductor substrate through the groove to
form the low-concentration impurity diffusion layer and said
step of doping the impurities having the opposite conduction
type to the low-concentration impurity diffusion layer into
the lower side of the low-concentration impurity diffusion
layer 1n the semiconductor substrate are performed after the
first gate electrode forming material film 1s removed from
the area corresponding to the groove.
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